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uiaidUL lium aiiu cqutsLugiuariy axrangea witn 
respect to the central axis of die transformer 
and formed with end portions esctending radi- 

25 ally inwards towards said axis. The corres- 
ponding end pordons of the req)ectrve core 
1^ are magnetically coupled together, provi- 
ding core joints each having a transverse cross- 
sectional dimension v^ich is the same as the 

30 corresponding dimension across the core legs, 
either by suhably interleaving selected lami- 
nations of the core legs, with the remaining 
laminations forming -butt-joints with said in- 
terleaved laminations, or by arranging tfeat 

35 the laminations of the core legs form 6utt- 
joints with suitably shaped magnetic yoke 
pieces of alternate sizes which provide some 
overlap between the yoke pieces and the lami- 
nations. 

40 These laminated core legs are commonly 
pressed into shape followed by an annealing 
treatment to relieve the stresses induced there- 
in diu-ing pressing. It will be appreciated that 
the laminations forming the core legs must 

45 necessarily be of different lengths in order to 
[Price Js.6d,] 



core comprising laminated core legs which are 
magnetically coupled together at correspond- 
ing ends thereof by means of shaped magnetic 
yoke pieces interposed between successive 70 
^tnips, preferably pairs, of core leg lamina- 
tions with a relatively large overlap being pro- 
vided between each of said yoke pieces and 
the adjacent laminationsj the thickness of said 
yoke pieces preferably being die same or sub- 75 
stantiaJly the same as the laminations while 
the total eflFcctive transverse cross-sectional 
area of the magnetic yoke pieces adjacent the 
respective core joints is such that under pealc 
flux operating conditions said yoke pieces can- 80 
not saturate. 

Where the yoke pieces have the same or 
substantially the same thidmess as the core 
leg laminations it will be appredated that the 
width of the yoke pieces adjacent the core 85 
joints will need to be appreciably greater than 
the width of the core laminations but the di- 
mension through each core joint will nor be 
as large as in the hereiirf?efore mentioned joint 
construaion in which yoke pieces are altema- 90 
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COMPLETE SPECIFICATION 
Improvements relating to Electrical Transformers' 



We, The British Thomson-Houston 
Company Limited, a British Company hav- 
ing its registered office at 33, Grosvenor Places 
London^ S.W.I, do hereby dedare the inven- 
tion, for which we pray that a patent may be 
granted to us, and the method by wMch it fe 
to be performed, to be parriailarly described 
in and by the following statement: — 

This invention relates to electrical transfor- 
mers and relates more particularly to poly- 
phase tranrformers of the land having wind- 
ings carried by a plurality of laminated core 
leg3$ arranged parallel to each other and angu- 
larly displaced around the central axis of the 
transforms. The core legs may be formed 
with end portions extending inwardly towaids 
the central axis. 

In one Imown form of three-phase trans- 
former of the kind indicated the transformer 
windings are carried by three laminated core 
legs of cTudform cross-section which are equi- 
distant from and equiangularly arranged with 
respect to the central axis of the transformer 
and formed with end portions esctending radi- 
ally inwards towards said axis. The corres- 
ponding end portions of the rKpecdve core 
legs arc magnetically coupled together, ■provi- 
ding core joints each having a transverse cro^ 
sectional dimension which is the same as the 
coiresponding dimension across the core legs, 
either by suitably interleaving selected lami- 
naticns of the core legs, with the remaining 
laminations forming butt-joints with said in- 
terleaved laminations, or by arranging that 
the laminations of the core legs form butt- 
joints with suitably shaped magnetic yoke 
pieces of alternate sizes which provide some 
overlap between the yoke pieces and the lami- 
nations. 

These laminated core legs are commonly 
pressed into shape followed by an annealing 
treatment to relieve the stresses induced there- 
in during pressmg. It will be appreciated that 
the laminations forming the core legs must 
necessarily be of different laigths in order to 
[Price 3s. 6d,] 



compensate for the varying radii of the lami- 
nations at each bend in the core legs and it is 
extranely difficult to ensure that the lamina- 
tions of the core legs when formed and subse- 
quently coupled together as aforesaid do not 50 
define excessivdy large air gaps at the butt- 
joints previously referred to, thereby giving 
rise to high core losses and high magnetising 
currents when the transformer is operating. 

The above difficulty may be overcome by 55 
avoiding the use of butt-joints in the core 
joints and relying upon a rdatively large over- 
lap between the laminations of the core legs 
and suitably shaped magnetic yoke pieces hav- 
ing parts thereof introduced bkween alternate 60 
laminations of said cwre 1^. In such an ar- 
raagement, however, the dimension througji 
the core joint will be unde^ably large. 

According to the present inventicm there is 
provided in or for an electrical transformer of 65 
the kind hereinbefore indicated, a magnetic 
core comprising laminated core legs which are 
magnetically coupled together at correspond- 
ing ends thereof by means of shaped magnetic 
yoke pieces interposed between successive 70 
^TOips, preferably pairs, of core leg lamina- 
tions with a relatively large overlap being pro- 
vided between each of said yoke pieces and 
the adjacent laminations, the thickness of said 
yoke pieces preferably bemg the same or sub- 75 
stantially the same as the laminations while 
the total effective transverse cross-sectional 
area of the magnetic yoke pieces adjacent the 
respective core joints is such that under peak 
flux operating conditions said yoke pieces can- 80 
not satmrate 

Where the yoke pieces have the same or 
subscantiaily die same thickness as the core 
leg laminations it will be appreciated that the 
width of the yoke pieces adjacent the core 85 
joints will need to be appreciably greater than 
the width of the core laminations but the di- 
mensiOTi through each core joint will not be 
as large as in the hereinbefore mentioned joint 
construction in which yoke pieces are altema- 90 
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ted with the core leg laminations. For essmple 
if the yoke pieces and care laminations have 
the same permeability as is especially contem- 
plated and the yo-ke gieces inserted bzv7:cm 
5 successive pairs of laminations then the T^idth 
of each yoke piece adjacent th^ rilevnnL core 
joint will be twice that of the core lamina- 
tions. 

A better understanding of the present fn- 
10 vention may be had from the foUowIn^ de- 
scription taken in conjimccion with the draw- 
ings accompanying the Provisional Specifica- 
tion, in which: 

Pigs. 1 and 2 are diagrammatic end views 
15 of a three-phase transformer illustrating alter- 
native core joints of Imown form; 

Fig. 3 is a view similar to that of Figs. 1 

sent invention; and 

20 Fig. 4 is a part of a sectional vie"; tnken 
along the line X — X in Fig. 3. 

Referring to Fig. 1 of ths draivings, the 
three-phase transformer comprises tzts of 
windings la 2 and 3 whirh 2x2 respectively 

25 arranged on parallel core legs 4, 5 and 6 of 
rectangular cross-section. Each of these core 
legs consists of a multiplicity of supeqjosed 
grain-oriented iron laminations and is formed 
integrally witii two end portions, ore of which 

30 is indicated at 7, which extend at right-angles 
to the axis of the windings on said leg and 
radially inwardly towards the central longi- 
tudinal axis of the transfom?er. As can Ije 
seen from the figure, the laminated core legs, 

35 4, 5, and 6 are equidistant from and arranged 
equlangularly about the last-meatioiied axis. 
The three core legs are magnetically coupled 
together at corregjonding end portions 7 by 
providing the outermost lamination of the core 

40 leg 4 and every third lamination thereafter in 
said legs with a triangular CMtension 8 and by 
similarly providing such extensions (not 
shown) on the second and third laminations 
from tiie outermost laminations of the legs 5 

45 and 6 respectively and on every tiiird lamina- 
tion therraftcr in said legs. These triangular 
extensicHis interleave witii each ether while the 
intermediate laminations of the C3re legs with- 
out such extensions form butt-joints, such as 

50 indicated at 9, with one or other of the sides 
of said extensions. Referring now to Fig. 2 of 
die drawings;, the three-phase transformer il- 
lustrated is of the same general constmction 
as that illustrated in Fig. 1 and li.ke designa- 

55 tions have accordingly been employed to in- 
dicate like parts. The essential difference be- 
tween the Fig. 1 and Fig. 2 constatctioas re- 
sides in the manner of forming the joints be- 
tween the core legs 4, 5 and 6. The oiirer- 

60 most laminations of the core leg form butt- 
joints 10 with the respective sides cf a tri- 
angular magnetic yoke piece 11 while the next 
laminations in the core legs terminate short of 
die outer laminations and form butt-joints 

65 such as 12 with one side of a hexagonal iron 



yol'e piece 13 located immediately below tri- 
ojiguL^r yoke piece 11. This panem is repea- 
ted throiirrhout the entire joint for the remain- 
ing pairs "of laminations in each core leg. 

The core legs 4, 5 and 6 of the Fig. 1 and 70 
Fhj,- 2 transformer construaion are conven- 
iently formed by pressing laminations of suit- 
ably" graded lengths and then subjecting the 
cere legs so formed to an annealing treatment, 
but unless extreme care is exercised both in 75 
assembling the laminations and pressing the 
legs into their final shape the extreme ends 
of these laminations will be incorrectiy posi- 
tioned in the formed legs thereby producing 
excessively large air gaps at the butt-joints 80 
9, 10 and 12 resulting in increased core losses 
and increased magnetising currents when the 
lt-?ansfofffi^j|isro pL^ 

Figs. 3 and 4 of the drawings illustrate a 
three-phase transformer constructed in accor- 85 
dance with the invention, those parts of the 
transformer also shown in Figs. I and 2 
bearing like designations. As can be seen in 
Figs, 3 and 4 the core legs 4, 5 and 6 arc 
magneticaUy connected together by hexagonal 90 
yoke pieces 13 preferably of non grain-orien- 
ted iron of substantially the same thickness as 
laminations 14 forming the core legs and hav- 
ing p.irts thereof located between successive 
pairs of core laminations vnth a large area of 95 
overlap being provided between the yoke 
pieces^ 13 and the adjacent laminations. Con- 
sequently it is not important that the ends of 
the laminations 14 should be co-terminus and 

Fig. 4 in fact shows the ends of these 100 
laminations as being variably displaced from 
each other in the horizontal direction and 
clearly demonstrates that the core legs need 
not be formed wirii the same degree of pre- 
cision as regards the final disposition of the 105 
ends of laminations 14 as is required with the 
joint CGnscructions shown in Figs. 1 and 2. 

Since the iron yoke pieces 13 arc of sub- 
stantially the same' thicloiess as the core lami- 
nations 14 the width of said yoke pieces ad- 1 10 
jacent the core joint must be somewhat greater 
than the width of the laminations 14 so that 
the total effective transverse cross-sectional 
area of the yoke pieces adjacent the core joint 
is not less than that of the core legs. In the 115 
particular construaion illustrated, the width of 
die yoke pieces 13 taken along the line W (i.e. 
adjacent the core joint) is twice the width of 
the laminations forming the core. 

It can be seen from Fig. 4 that the insertion 120 
of the yoke pieces 13 between successive 
pairs of laminations 17 inevitably increases 
tlis overall cross-sectional dimension through 
rh i core joint as compared with the Fig. 1 and 
Fig. 2 joint constructions but not unduly as 125 
y/ould be the case if narrower yoke pieces 
v ere inserted between each pair of lamina- 
tions. The weight of material at the joint is 
rlso greater than in the Fig. 1 and Fig. 2 con- 
structions but this is tolerable in yicw of re- 130 
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duced core losses, 

Aitliough the yoke pieces 13 are shov-n as 
being introduced betvjreen successive pairs of 
laminations it will be understood that yoke 

5 pieces of even wider dimensions may for 
example be inti'oduced between successive 
groups of tlirec or even more laminations. 
Moreover, the a'oss-sectional configuration of 
the core legs may foe veried by using lamina- 

10 tions of suitably graxfed widths in which case 
the dunensions of the yoke piec^ will be var- 
ied accordingly. 

In forming tlie core legs of a tiansfornier 
according to the invention removable spacers 

15 may be introduced between the ends of suc- 
cessive pairs of laminations so as to provide 
in the formed I^s openings for the insertion 
of the yoke pieces 13. When the core legs 
have been formed the transformer windings 

20 will be arranged tliereon and the yoke pieces 
simply inserted ber.veen the appropriate lami- 
nations after the core legs and windings have 
been arranged in their final positions. Core 
clamping means to hold the yoke pieces and 

25 core legs in place may take any convenient 
form. 

WHAT CLAIM IS : — 

1. In Or for an electrical transformer of tlie 
land hereinbefore set forth, a magnetic core 
30 comprising laminated core legs which are mag- 
netically coupled together at corre^nding 



ends thereof by means of magnetic yoke pieces 
interposed beuveen succ^sive groups of core 
leg laminations witli a relatively large over- 
lap being provided between each of said yoke 35 
pieces and the adjacent laminations, the total 
effeaive transverse cross-sectional area of the 
magnetic yoke pieces adjacent the respective 
core joints being such that under peak flux 
operating conditions said yoke pieces cannot 40 
saturate, 

2. A magnetic core as claimed in Claim 1, 
in which niagneiic yoke pieces are interposed 
between successive pairs of core leg lamina- 
tions, 45 . 

3. A magnetic core as claimed m Oaim 1 
or Ciaim 2, in which the thickness of the mag- 
netic yoke pieces is the same or substantially 
the same as that of tlie core leg laminations, 

4. A magnetic core as claimed in any pre- 50 
ceding Claim, in v/hich each of the magnetic 
yoke pieces is of hexagonal shape and prefer- 
ably composed of non grain-oriented iron. 

5. A thiee-phase electrical transformer com- 
prising a magnetic core substantially as herein 55 
described with reference to Figs. 3 and 4 of 

tlie drawings accompanjring the Provisional 
Specification. 

J. W. RIDDING, 
Chartered Patent Agent, 
Crown I-Iouse, Aldv/ydi, London, W.C2, 
Agent for the Applicants. 
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We, The British Thomson-Houston 
60 Company Lip^ited, a British Company hav- 
ing its registered office at Crown House, Ald- 
wych, London, W.C.2, do hereby dedare this 
invention to be described in the following 
statement: 

65 This invention relates to electrical transform 
mers and relates more particularly to poly- 
phase transformers of the land having wind- 
ings carried by a plurality of laminated core 
legs arranged parallel to each other and angu- 

70 larly displaced around the central axis of the 
transformer. The core legs may be formed 
with end portions extending inwardly towards 
said central axis. 

In one icnoun form of three-phase trans- 

75 former of the kind indicated the transformer 
windmgs are carried by three laminated core 
l^s of cruciform ciX)SS-seaion which are equi- 
distant from and equiangularly arranged with 
respea to the centtral axis of the transformer 

80 and formed with end portions extending radi- 
ally inwards towards said ajds. The corres- 
ponding end portions of the respective core 
legs are ma^eticalJy coupled together, pro- 
viding core joints each having a transverse 

85 cross-sectional dimension which is the same as 
the corresponding dimension across the cere 
legs, either by suitfrbly interieaving s<Hected 
laminations of the core legs, with the rettmin- 



ing laminations formmg butt-joints with said 
interleaved laminations, or by arranging that 9C 
the laminations of the core legs form butt- 
joints witii suitably shaped magnetic yoke 
pieces of alternate si?:es which provide some 
overlap between the yoke pieces and the lami- 
nations. Q5 

These laminted core legs arc conmionly 
pressed into shape followed by an annealing 
ti-eatment to relieve the stresses induced there- 
m durin.^ ftcssiug. It will fee appreciated that 
the laminations forming the core legs must 100 
necessarily be of different lengths m order to 
compensate for the varying radii of the lami- 
nations at each bend in the core le^s and it is 
^remely diflicult to ensure that the lamina- 
tions of th- core when formed and sub- 105 
sequently coupled together as aforesaid do 
not define excessively large air gaps at the butt 
joints previously referred to, thereby giving 
rise to high core losses and high magnetising 
currents when the transformer is operating. HO 

The above difficulty may he overcome by 
avoiding the use of butt-jomts in the core 
jouats and rclying upon a relatively large over- 
lap between the laminarions of lite core legs 
and suitably shaped magnetic yohc pieces 115 
having parts tlnrecf introduced between al- 
ternate laminauons of said core legs. In such 
an arrangement, however, the dimension 
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through the core joint be undesirably 

^Iccording to the present invention there is 
Pisvided in cr for an electrical transformer 
cf th^ kind hereinbefore indicated, a ma^euc 
core comprising laminated core legs which are 
magaeticaily coupled together at correspond- 
in*' ends diereof by rhe intervention of suit- 
ably shaped magnetic yoke pieces bcuveen suc- 
ce55i^^ groups, prefei-ably pairs of core leg 
laminaticns with a relatively large overlap be- 
n^/een said yoke pieces and adjacent lamina- 
tions, ±2 thickness of said yoke pieces pre- 
ferabV being the same or substantially liie 
same as the laminations tlie to^l effec- 
tive transversa cross-secticnal area of die mag- 
netic yo!:e pieces adja^- ent the lespecDve core 
iointe h liOTS^nff^ 
conditions said vcke pieces wiU net saturate. 

Wn^re tlie voke pieces have the same or 
cubsmmially the same thickness as the core 
leg lamkianons it \viU be appreaated that the 
^rdtli of the yoke pieces adjacent the core 
joints ^vlll need to be appreciably great;^ than 
tl^c width of the core laminations but tne di- 
mension thix)ugh each core jomt will not be 
S lar-- as in the hereinbefGre menuoncd joint 
construction in which yoke pieces are al^i^a- 
ted Willi The core leg lammarions. For exampi-, 
if the yoke tjieces and core laminanons have 
th* -ame permeability as is especially contem- 
plated and the yoke pieces inserted bstive^ 
Successive pairs of laminanons then die widui 
of each voke piece adjacent die relevant core 
joint wiU be r,vice tlmt of the core lamma- 

better understanding of the present inven- 
tion may be had from the following de^cnp- 
tion talcien In conjunction v/ith tre accompany- 
ing drawings, in v/hich : — . j • 

Fi's 1 and 2 are diagramm.atic end views 
of a*^ three phase transformer illustrating al- 
ternative cere joints of knov.Ti form; 

Fi<' 3 is a vievr similar to that oi Figs. 1 
and 2 of an e:-:emp!ary embodiment of the 
rresent invention; and _ . 

* Fis 4 is a part of a^ secucnal view taken 
alons thelineX— XmFig. 3. , 

R^t^rring to Fig. 1 of the drawings, the 
three-p''a?e transformer comprises sets of 
--JndiE^s L 2 and 3 which are respectively 
ar.Wd on parallel core legs 4, 5 and 6 of 
rectangular cross-?ection. Each of these core 
legs consists of a multiplicity of superposed 
^in-oriented iroii laminations and as jormcd 
integrally with r.vo end portions, one of which 
U ii^dtca^ed at 7, which e-tcnd at right-angles 
to the axis cf the windings on said leg and 
-adially inwardly towards the central longi- 
'tudinal a.^ds of the transformer. As can be seen 
from the Saure, the lamjnated cere legs, 4, 5 
and 6 a^e equidistant from and arranged eqiu- 
an?nilarly about the laEt-mentioned a.^3. The 
three core legj are magneticaUy coupled to- 
65 ^-^her at corresponding end ponions 7 by 
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providing the outermost lamination of the core 
le^ 4 and every third lamination thereafter m 
c Jd leg with a uiangiilar extension ^ 8 and by 
similarly providing such estensions (not 
shoivn) on the second and thu-d laminauons 
from the outermost laminations of the legs 5 
and 6 respectively and on every third lamina- 
tion thereafter in said legs. These triangular 
extensions interleave with each other while ifte 
inte^-mediate laminations of the core legs with- 
out such extensions form butt-joints, such as 
indicated at 9, wiih one or other of the sides 
of said extensions. Referring now to Fig. 2 
of the drawings, the three-phase transfonner 
iUustrated is of the same general construcnon 
as tiiat iUustrated in Fig. 1 and hfce designa- 
tions have accordingly been employed to mdi- 
. ^at^. ii^ve*-paT^?s.^ Xhe..je5senuaijMsi^ 
nveen the Fig. 1 and Fig, 2 constnicuons rc- 
<iides in xlit manner of forming the joints be- 
tween the core legs 4, 5 and 6, The outer- 
most laminations cf the core leg form butt- 
joints 10 with tiie respective sides of a tri- 
angular macnetic yoke piece 11 while the next 
laminations"' in the cere legs terminate short 
of the outer laminaticns and form butt-joints 
^uch as 12 with one side of a hexagonal iron 
yoke piece 13 located immediately below tri- 
angular yoke piece 11. This panem is repea- 
ted throughout the entire joint for the remain- 
ing pairs of laminations in each core leg. 

The core less 4, 5 and 6 of the Fig. 1 and 
Fi-*. 2 uansformer construcdon arc conven- 
t^onallv fcrmcd bv pressing laminations of 
suitably sjraded lengths and then subjcctmg the 
core IcW so formed to an aimealing treatment, 
but unless extreme care is exercised both in 
a<^=en^bl?ng tlie laminations and pressing the 
le^s into their final shape the extreme ends 
c/th-'^e laniinatirns will be incorrectly posi- 
tioned ill the fcrmed legs tliereby producing 
e-^cessively larse air gaps at the butt-joints 9, 
10 and 12 resulting in increased core losses 
and increased magneiising currents when the 
transformer is operating. 

Fie:. 3 and 4 of the drawings illustrate a 
tl:ree-phase transformer constructed in accor- 
daVr^e Vrich the in^'ention, those parts of the 
transformer also shov^-n in Figs. 1 and 2 bear- 
in^ like designations. As can be seen in Figs. 
3 and 4 tiie core legs 4, 5 and 6 are magnetic- 
ally connected together by hexagonal yoke 
pieces 13 preferably of non grain-oriented iron 
of substantially the same thickness as, lamina- 
tions 1^ forming the core legs and having 
parts thereof iccated between successive pairs 
of core laminations with a large area of over- 
lap beins provided between the yokQ pieces 
13 and' the adjacent laminations. Conse- 
qUiUtlv it is not important that the ends of 
the laminations 14 should be co-terminus and 
the Fig. 4 in fact shows the ends of diese lami- 
nations as being; variably displaced from each 
oth^r in the horizontal direction and clearly 
demonstrates that the core legs need not be 
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formed with tbe same degree of precision as 
regards the final dispasidon of me ends of 
laminations 14 as is required vnti^ the joint 
construcdkms shown in Figs. 1 and 2. 

5 Since the iron yoke pieces 13 are of siib- 
srantially the same thidmess as-^the ccgrfe -lanii- 
nations 14 the width of said; yoke inJces ad- ' 
jacent the owe joint must be somewhat greata* 
than the width of the laminations 14 so that 

10 the total effective transverse cros^sectkmal 
area of the yoke pieces adjacent die core joint 
is not less than that of ite core legs. In the 
particular construction iUustried, tbe width 
of the yoke pieces 13 taken along the Ene W 

l5 (Ic, adjacent the core joint) is twice widtii 
of the laminations forming the core. 

It can h& seen from Fig. 4 that the inser- 
tion of the yoke pieces 13 betWEen successive 
pairs of laminations 17 inevitably increases the 

20 overall cros^-secdonal dimensitni throi^ the 
core joint as compared with the Fig. 1 and 
Fig. 2 joint constractions but not unduly as 
would be the case if narrower yoke pieces 
were inserted between each pair of lanuna/~ 

25 tions. The weight of material at the joint is 
also greater than in the Hg. 1 and Fig. 2 con- 
structions but this is tolei^le in view of re- 
duced core losses. 



Although the yoke pieces 13 are shown as 
being introduced between successive pairs of 
laminations it will be understood that yoke 
pieces of even wid^ dimensions may for 
example be introduced betvreen succes^ve 
groins of three or even more laminations. 
Moreover, the cross-sectional configuration of 
the core 1^ may be varied by using lamina- 
tions of suitably graded widths in which case 
tbe dimensions of the yoke pieces will be var- 
ied accordingly. 

la forming the core legs of a transfoimer 
according to the invention removable spacers 
may^ be introduced between tiK ends of suc- 
cessive pairs of laminations so as t3o provide 
in the formed legs t^renmgs for the insertion 
of the yoke pieces 13. When the coit legs have 
been formed the xransf ormer windings wall be 
arranged thereon and the yoke pieces simply 
inserted betweai tiie appn^iriate laminations 
after the core legs and windmgs have been 
arranged in their final posftions. Core clamp- 
ing means to hold the yoke pieces and core 
legs in place may take any convenient form. 
J. W. RmDING, 
Chartered Patent Agents 

64 — 66, Colonan Street, London, E.C2, 
Agent for the Applicants. 
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